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INTRODUCTION
In mammalian cells, DNA is packaged into a nucleoprotein complex called chromatin. The main protein component of chromatin, histones, are highly conserved in evolution, as are the nucleosomal structures that these proteins form with DNA. There are three main advantages of this organisation. First, it provides a way to protect the genome from radiationinduced damage 1 and genotoxic stress. Secondly, the conformation of the chromatin fibre at centromeres may have a structural role, being important for forming a stable kinetochore in Schizosaccharomyces pombe. 2, 3 In mammalian cells, the chromatin at the centric and peri-centric satellites also has a compact structure that might provide a stable base for forming a kinetochore. 4, 5 Thirdly, and examined in this review, structural and chemical modifications of chromatin offer an additional level of control in the regulation of transcription. 6 Understanding the conformation(s) of the chromatin fibre is therefore integral to understanding this biological process.
To accommodate intricate gene expression patterns, eukaryotic organisms have evolved a complex system of transcriptional regulation. 7 In prokaryotes, transcription is predominantly controlled by repressors and activators, and the ground state is non-restrictive. In eukaryotes, the packaging of the DNA into chromatin results in a ground state that is refractory to transcription by inhibiting the movement of RNA polymerase 8 and the binding of transcription factors. 9 These inhibitory structures therefore necessitate the remodelling of the chromatin fibre to facilitate transcription. 10 Although the basic components of chromatin and its lower order 'nucleosomal' structure have been known for almost 30 years, much less is known about the higher-order structure of the chromatin fibre, the factors that regulate its conformation or of the relationship between chromatin structure and transcription.
FOLDING OF THE CANONICAL 30 NM CHROMATIN FIBRE
Eukaryotic cellular DNA is normally folded into a 30 nm chromatin fibre.
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The fundamental particle of this fibre is the nucleosome, 12 which consists of 160-200 base pairs of DNA wrapped approximately twice around an octamer of core histones and sealed with a single molecule of linker histone bound close to the core particle dyad. 13 Structural studies suggest that the 30 nm fibre is composed of a tandem array of nucleosomes folded into a condensed higher order structure. 14, 15 The histone proteins are bound to DNA by non-covalent forces -the ionic interactions between positively charged residues on the histones and DNA phosphate being the most important. 16 The highly conserved carboxy-terminal of core histone proteins contains a 'histone-fold' motif 17 which is shared by many proteins -including a number of transcription factors [18] [19] [20] -and is involved in histone-histone and DNAhistone interactions. The amino-terminal domains of the core histones are also highly conserved. They have been shown by high-resolution nuclear magnetic resonance to be flexible; they extend out of the nucleosome core in a manner that frees them for other interactions. 21 Core histone tails are required for the folding of the chromatin fibre by providing electrostatic shielding of the DNA charge and by bridging adjacent nucleosomes, 22, 23 the interactions with histones H2A and H2B being the most significant. 16, 24 The detailed conformation of the chromatin fibre is controversial. 15, 25 Different models have been proposed, with the most favoured models being the solenoid model 14 ( Figure 1A ) and the two-start helical model [26] [27] [28] ( Figure 2B ). In the solenoid model, the nucleosomes are organised into a helical array with about six to eight nucleosomes per turn and histone H1 on the inside of the fibre. In this model, the linker DNA has to be bent to connect each nucleosome with its neighbour along the helical filament. The two-start helical model suggests that nucleosomes form a zig-zag, with the linker DNA largely straight and parallel to the fibre axis, with H1 maintaining the entry/exit angle of the linker DNA into the nucleosome.
Although there are a number of fundamental differences between these two models, they are difficult to distinguish experimentally. Electric dichroism studies support a structure with the nucleosome faces almost parallel to the fibre axis, as found in the solenoid model, 29 and the arrangement of the nucleosome core particles do not appear to alter with a change in length of the linker DNA, 30, 31 as might be expected with the two-start helix. In the two-start helix, different spacer lengths would alter the size Cellular DNA is folded into a 30 nm chromatin fibre, the fundamental particle of which is the nucleosome The detailed conformation of the 30 nm chromatin fibre is not known 14 (B) Two-start helical ribbon. 27 Linker DNAs are shaded in dark grey. Adapted from Dorigo et al.
of the major groove of the fibre and subsequently its unit length, which might be expected to change the sedimentation properties. In analysing the sedimentation of nucleosomes with different repeat lengths (the distance between the beginning of one nucleosome and the beginning of the next), however, long repeat 32 and short repeat 31 length chromatins behave similarly.
Electron microscopy data suggest that the chromatin fibre forms an irregular zigzag, 33, 34 which could accommodate variations in linker length. Further analysis suggests the linker DNAs and linker histones form a structural motif which directs the arrangement of the nucleosomes within the fibre. 35 Using model building and high energy fragmentation of chromatin fibres in vivo, Rydberg et al. 36 proposed a zig-zag model for the chromatin fibre rather than a simple helical structure. In a recent set of experiments, Dorigo et al. 28 reconstituted a 10-12 nucleosome array with modified core histones and compacted it with either linker histones or magnesium ions (Mg 2þ ). The core histones were engineered to incorporate cysteine residues to facilitate the cross-linking of the fibres, and the DNA had ScaI cleavage sites positioned in the linker segments. After cross-linking, the arrays were digested with ScaI endonuclease and the products were analysed by gel electrophoresis. These results showed that the maximum number of nucleosomes remaining after cross-linking and cleavage was five or six, consistent with the arrays having a two-start geometry.
The conformation of the 30 nm fibre could have substantial consequences for transcription. Intuitively, the solenoid structure would appear to have a more stable conformation than an irregular zigzag, but the removal of a single nucleosome could still readily form a discontinuity in the fibre. The solenoid also has an inherent symmetry, with the minor and major grooves being the same size, while the two-start model will have a small minor groove and a major groove being dependent on linker length. Condensation of the chromatin fibre is dependent on the linker histones, 37, 38 and this function is dependent on the long carboxy-terminal tail 39 and the interaction with the non-globular, highly basic 'tails' of the core histones. 22 As the long carboxy-terminal tail is partly alphahelical, it could be at least 8 nm long. 40 This would allow it to interact with a number of adjacent nucleosomes and may be positioned more readily into the major groove of a two-start helix. This is consistent with data showing that the replacement of H1 with the chicken erythrocyte variant histone H5, which has a higher affinity for the fibre, causes an increase in fibre stability but does not change the repeat length. 41 
GENOME-WIDE VARIATIONS IN CHROMATIN MODIFICATIONS AND STRUCTURE
The chromatin conformation of many individual genes has been examined. Recent genome-wide studies have used a variety of different approaches, including chromatin immunoprecpitiation for histone acetylation and methylation and for various transcription factors; DNaseI site mapping; and chromatin structure analysis to examine features of the chromatin fibre. This allows new correlations to be made for the organisation of mammalian genomes.
Chromatin modification
A large-scale study of histone acetylation over the chicken â-globin locus shows a correlation with transcriptional activity and that levels of histone acetylation peak at regulatory regions. 42 Similarly, the repressive histone mark, H3 lysine 9 methylation, shows an inverse correlation with histone acetylation. 43 A very recent study has mapped histone H3 lysine 4 di-and trimethylation and lysine 9/14 acetylation across the non-repetitive portions of human chromosomes 21 and Condensation of the chromatin fibre is dependent on linker histones 22. 44 As in previous studies, a good correlation was found between the distribution of these marks and transcriptional activation. This study also showed that for most genes there is a punctate distribution of modifications, with trimethylation of lysine 4 of histone H3 correlating with transcription starts, and the remainder of the gene showing a dimethylation pattern of modification. By contrast, the Hox clusters, as for the studies on the â-globin locus, 42 showed broad modification patterns over multiple genes, suggesting that these clusters are in single open chromatin domains. A similar conclusion was reached for the formation of blocks of open chromatin in gene-rich regions at a whole chromosome level. 45 
Chromatin structure
In interphase cells, 30 nm chromatin fibres can be detected by low-angle X-ray diffraction, 46 but by electron microscopy a large proportion of mammalian chromatin appears to be further packaged, being visualised as 60-130 nm 'chromonema' fibres. 47 Modulation of chromatin structure at the level of the 30 nm chromatin fibre is believed to be central to the regulation of gene expression. Transcriptionally active and silent gene regions are often considered to have 'open' and 'closed' chromatin structures, respectively. 48, 49 Biophysical evidence for different chromatin fibre structures, however, which might equate with these concepts, has been lacking. An unfolding and decondensation of chromatin fibres is seen by light microscopy when transcriptional regulators are artificially targeted to the mammalian genome, [50] [51] [52] [53] [54] and decondensation of the endogenous HoxB locus has been shown to accompany the induction of transcription. 55 It should be noted that in the recent literature, the term 'open' is often also used to speculate on the structure of chromatin which is hyperacetylated in the amino-terminal tails of histones H3 and H4. As the histone tails are critical for the formation of a higher-order chromatin fibre, it is often suggested that the acetyl groups somehow prevent the condensation of chromatin. Acetylation of the histone tails does increase their alphahelical content, as measured by circular dichroism, 56 and also appears to affect the DNaseI sensitivity and stability of reconstituted chromatin fibres. 57 Electric dichroism fails to show any difference between acetylated and unacetylated chromatin fibres, 58 however, and sucrose sedimentation of chromatin fibres shows only a marginal change in conformation. 59 Recent studies have shown that histone methylation can recruit heterochromatin protein1 (HP1) 60 and Chd1 61 adapter proteins and that acetylation can act as a binding site for bromodomain-containing complexes. 62 Therefore, the role of these modifications could be to recruit proteins or complexes, and these factors could be involved in modulating chromatin folding.
It is difficult to ascertain the chromatin fibre structure of individual genes, particularly as the structure might vary between a repressed, a potentially active and an active state. Loci which are potentially active for transcription often have an increased sensitivity to nucleases than repressed regions, and this correlates with an alteration in histone acetylation. 63 Discrete DNaseI-sensitive sites appear at specific gene loci upon transcriptional activation 64 and these sites are often also sensitive to S1 65 and micrococcal 66 nuclease. While it is unclear which aspect of chromatin fibre structure is being sensed by nuclease digestion studies, the data clearly indicate that transcriptionally active and inactive genes have different conformations. Three recent studies, using different approaches, have mapped DNaseI-sensitive sites over the human genome. [67] [68] [69] In essence, the nuclei were digested briefly with DNaseI and, using a variety of cloning techniques, the DNA ends close to the DNaseI sites were cloned and sequenced. Crawford et al. 68 and Sabo et al. 69 showed that DNaseI sites derive predominantly from genic regions and are in the vicinity of transcription start sites, with many of them occurring in the first intron. These studies also suggested that the DNaseI hypersensitive sites show a preference for expressed genes, but Sabo et al. also showed that many of these sites are still evident in non-expressed genes. DNaseI sites are often functionally conserved and can be identified in percent identity plots between different species. 70 Sabo et al. 67 localised approximately 150,000 DNaseI sites across the genome, which allowed the identification of previously unrecognised functional elements, some of which were conserved between mouse and human. The present authors have undertaken a different approach to mapping chromatin structures across the human genome. 45 Chromatin fibre structures can be separated by sucrose gradient sedimentation. The sedimentation rate of chromatin is determined by the mass and hydrodynamic shape of the fibre. A given length of chromatin will sediment faster than bulk chromatin if it is packaged into a more compact regular chromatin structure, 4 and slower if it is packaged into fibres whose structure is interrupted by discontinuities that increase the frictional coefficient. In a recent study, the sedimentation of a defined chromatin fragment from the chicken â-globin gene was characterised and found to have a rod-like structure of approximate length and diameter proposed for the 30 nm chromatin fibre. 71 Large chromatin fibres (10-30 kilobases [kb]) were fractionated from human lymphoblastoid cells and isolated probes corresponding to 'open' (slow sedimenting) and 'compact' (fast sedimenting) chromatin. To investigate the distribution of these fragments, the latter were labelled and hybridised to genomic microarrays. The open chromatin probes hybridised to the most gene-rich portions of the human genome, both at low resolution on a 1 megabase tile path and on a high-resolution chromosome 22 array. There was a strong correlation between the abundance of open chromatin fibres on individual chromosomes and gene density ( Figure  2A) . Surprisingly, however, no correlation between the abundance of open chromatin fibres and either the levels of transcription or the probability of transcription for individual chromosomes was found ( Figure 2B 
A previous study had demonstrated a difference in sedimentation between satellite-containing heterochromatin fragments and bulk chromatin fragments by sucrose gradient sedimentation from both human and mouse cells. 4 Satellitecontaining chromatin fragments sedimented faster than bulk chromatin fragments of the same size, suggesting that they have a more compact chromatin structure. These fragments also sedimented linearly with increasing size, indicating that they have a rigid structure. By contrast, the sedimentation of open chromatin was found to be retarded compared with similarly-sized bulk chromatin fragments, 45 suggesting that the open chromatin is interspersed with discontinuities which can act as points of flexibility. These fragments do not sediment linearly with respect to their size, suggesting that the longer the fragments the greater the number of discontinuities and degrees of freedom. The size or frequency of the discontinuities cannot be determined from these data, however, as a large number of small discontinuities could give a similar sedimentation profile to that of a chromatin fibre with a small number of large discontinuities. Interestingly, the size at which satellite-containing chromatin fragments sediment at the same rate as bulk chromatin fragments corresponds to approximately 2.5 kb or 12 nucleosomes, suggesting that the chromatin fibre is required to be a certain size before it can form stable discontinuities.
Localised variations in chromatin structure may introduce discontinuities into the chromatin fibre, altering its biophysical characteristics and retarding its sedimentation in sucrose
The precise nature of the discontinuities that retard the sedimentation of open chromatin fibres in such studies is not known. Transcription per se is unlikely to be responsible for opening the chromatin fibre, as when two loci (one gene rich and one gene poor) on chromosome 22 were examined at high resolution, inactive genes present in open chromatin and active genes present in compact chromatin were found. These findings are in agreement with other data showing that, in yeast, chromatin remodelling events that lead to the formation of slowly sedimenting chromatin fibres are also independent of transcription. 72 Similarly, as histone modification states closely parallel transcriptional status, although there appears to be no direct correlation between open chromatin structure and transcription, it is unlikely that chromatin fibre structure is determined by histone modifications per se; however, histone modifications at certain locations in the genome, such as at telomeres or centromeres, might play a role in recruiting chromatin-associated proteins, which could then modify the chromatin structure.
Open chromatin fibres are found to be more abundant in gene-rich regions which also have a higher density of DNaseI sites. This association indicates that hypersensitive sites could account for at least some of the discontinuities proposed in open chromatin. Furthermore, as hypersensitive sites are found in both active and inactive genes, Active and inactive genes are found in both fast and slow sedimenting chromatin this would explain why there is little correlation between the transcription of genes and their apparently open chromatin conformation. Previous studies examining the chromatin structure of a fragment of the â-globin locus in oviduct cells (where it is transcriptionally inactive) and in erythrocytes (where it is active) [73] [74] [75] support this conclusion. In these studies, there was a difference in the sucrose gradient sedimentation rate of a 6.2 kb EcoRI fragment from the two cell types. Further analysis indicated that there was a tissue-specific hypersensitive site in the fragment. Sedimentation of smaller fragments, excluding the hypersensitive site, demonstrated that the chromatins from the two cell types had similar conformations. Identification and mapping of the hypersensitive site, however, allowed the authors to examine the effect of this site on the sedimentation of the chromatin fibre. 75 Their analysis showed that the presence of the hypersensitive site did retard the sedimentation of the chromatin fragment. These results suggest that the regions of the genome that have been identified as being open could be enriched in discontinuities, and probably in nuclease-sensitive sites. Histone acetylation does correlate to transcription and transcription competence and certain regulatory elements (for example the constitutive HS4 in the chicken â-globin gene) is hyper-acetylated. Although there is little evidence that histone acetylation has the capacity to alter chromatin structure, it will recruit chromatin remodelling machines and other chromatin-associated proteins. These proteins may be able to modify the chromatin fibre through the repositioning of nucleosomes or the binding of specific chromatin regulators, for example transcription factors or HMGN proteins, and in turn promote the formation of discontinuities that could be manifested as nuclease-sensitive sites.
MODULATING THE CONFORMATION OF THE HIGHER-ORDER CHROMATIN FIBRE
The cellular chromatin fibre has a dynamic structure (Figure 3 ). Satellitecontaining heterochromatin appears to have a compact and rigid conformation compared with bulk chromatin, while the gene-rich regions of the human genome are enriched in chromatin fibres interspersed with discontinuities. These discontinuities will often manifest as nuclease-sensitive sites but will correspond to alterations in chromatin fibre structure caused by irregular nuclesome positioning, nucleosome remodelling activities, variant histones or the binding of specific transcription factors.
Nucleosome positioning and chromatin remodelling
In vitro studies have shown that nucleosomes are precisely positioned across genes. 76, 77 A similar pattern is seen by indirect end-labelling in vivo, but there are some differences between in vivo-and DNase1 hypersensitive sites are found in active and potentially active genes Figure 3 : Conformation of the 30 nm chromatin fibre. In cells, the conformation of the chromatin fibre is dynamic. From the left, under physiological conditions 'beads on a string'-like fibres are folded into higher-order structures. Open chromatin corresponds to a 30 nm fibre interspersed with discontinuities, while satellite-containing heterochromatin has a very regular compact structure (far right).
in vitro-generated maps, indicating that this basic positioning is modulated by other cellular factors. Precise positioning allows the key transcription factor binding sites to be exposed, but for the fibre to be folded in a stable conformation. Upon transcriptional activation, this clear pattern is often lost and these discrete sites become smeared, indicative of chromatin remodelling activity. 78 Nucleosomes within satellitecontaining heterochromatin are regularly positioned along the DNA, 79 allowing the chromatin fibre to fold into a compact structure. 4 Conversely, if nucleosomes are positioned unevenly with different lengths of linker DNA, they are likely to form less regular chromatin fibres with discontinuities. 34, 45 Although nucleosomes are mobile in vitro, 80 ATPdependent chromatin remodelling machines of the SWI/SNF family are involved in facilitating the re-positioning of nucleosomes. The SWI/SNF family can be subdivided into three groups of enzymes (SWI2/SNF2, ISWI and Mi-2) according to their domain structure, 81, 82 and have different biochemical properties and mechanisms. In in vivo assays, nucleosomes are discretely positioned on DNA fragments. After addition of the remodelling activity, the nucleosomes appear to occupy less discrete positions, and this is often taken to indicate that the fibre is 'opened' because of less strong chromatin interactions. An alternative explanation is that in the absence of nucleosome remodelling, the nucleosomes are able to bind stably to discrete sites and generate an irregular fibre with small discontinuities. Upon remodelling, however, the increase in mobility of nucleosomes allows large discontinuities to appear at specific sites, causing a relative compaction of the nucleosome positions and a reduction in the availability of linker DNA in the rest of the fibre. The reduction in the amount of linker DNA might make nucleosomal DNA and linker DNA similarly accessible to nucleases. After nuclease digestion, this would cause a smear rather than give a discrete banding pattern suggestive of preferential cleavage of the linker DNA.
Linker histones
The formation of higher-order chromatin structures is dependent on linker histones 38 and the binding is modulated by phosphorylation. 83, 84 The incorporation of linker histones into a chromatin fibre substantially impairs the remodelling activities of nucleosome remodelling machines. 85 Linker histones are constructed from a highly conserved 79-residue central globular domain with flexible flanking amino-and carboxyterminal domains. Nuclear magnetic resonance spectra 86 and crystal structures 87 of the globular domain of H5 have been obtained and show a high degree of similarity with the DNA binding protein CAP, 88, 89 RAP30 90 and the transcription factor HNF-3, 91 suggesting that linker histones and some transcription factors occupy similar positions on the chromatin fibre ( Figure  4) .
One of the first steps in transcription initiation is the formation of transcription factor complexes that can subsequently recruit the transcription machinery. These factors need to identify their target sites within regularly folded arrays of nucleosomes and will generate discontinuities. HNF-3 has a core Transcriptional activation is accompanied by nucleosome repositioning Figure 4 : The structure of transcription factors can mimic the conformation of chromatin proteins. Open chromatin is formed by discontinuities. One mechanism for forming these is by displacing structural components of the chromatin fibre, such as linker histones. HNF-3 and RAP30 have the same core structure as linker histone, H5, but HNF-3 is unable to condense the chromatin fibre. Adapted from Groft et al.
winged-helix DNA binding domain structure that is very similar to that of linker histones (Figure 4) . It is found to bind to nucleosomes in the albumin enhancer in active and potentially active chromatin, but not in inactive chromatin. Although it binds similarly to linker histones, it does not have the capacity to compact the chromatin fibre. 92 HNF-3 and GATA-4 are the earliest known factors to bind the albumin gene enhancer in liver precursor cells before activation of transcription. 93 In vitro, they are able to bind to their target DNA sites in the presence of linker histones and without ATP-dependent remodelling machines. HNF-3 is able to open the chromatin fibre, and this is mediated by a highaffinity DNA binding site and by the carboxy-terminal domain of the protein, which binds histones H3 and H4. 94 Therefore, transcription factors are able to form discontinuities in the fibre by disrupting the regular chromatin protein interactions.
Variant histones
An important mechanism by which chromatin can be remodelled is the replacement of major histones with specific histone variants. H2A.Z is an essential histone variant 95 found to accumulate at pericentromeric heterochromatin. The crystal structure of a nucleosome containing H2A.Z has an altered conformation, 96 and nucleosomal arrays reconstituted with H2A.Z have increased intramolecular folding, generating highly compacted chromatin structures. 97 Interestingly, HP1AE preferentially binds to condensed higherorder chromatin structures and locally compacts individual chromatin fibres. This effect appears to be enhanced in nucleosomes containing H2A.Z and could influence the conformation of the chromatin fibre locally. 98 MacroH2A has been found to be associated with the inactive X chromosome of female mammals. 99 The role of macroH2A is not known but it appears to interfere with transcription factor binding and SWI/ SNF nucleosome remodelling, and might repress transcription. 100 H2AX represents 2-25 per cent of H2A in a cell and is phosphorylated on serine 139 at the site of double-stranded DNA breaks. This suggests a role for H2AX in DNA damage detection and repair. 101 In support of this, haploinsufficiency of H2AX in mice causes tumour susceptibility and oncogenic translocations, 102, 103 but its influence on chromatin structure is not known.
Mammalian centromeres contain the essential histone H3 variant CENP-A, which has more than 60 per cent sequence identity with the carboxyterminal domain of histone H3. 104 CENP-A assembles into centromeres in the absence of DNA replication 105 and can replace H3 in the nucleosome in vitro. 106 It is detected at all active centromeres 107 as well as at neocentromeres, although it is absent from inactive centromeres seen on dicentric chromosomes. Centromeric heterochromatin is generally considered to be transcriptionally inactive. Nucleosomes containing CENP-A instead of H3 have a more stable conformation, however, further demonstrating that variant histones can have an impact upon chromatin fibre structure. In this case, a stable chromatin fibre structure could be important for forming a functional kinetochore. 5 Satellite containing chromatin also has a more regular structure than bulk chromatin, however, but does not appear to require CENP-A. 4 This suggests that the stable conformation is formed by two mechanisms -one CENP-A dependent and the other dependent on factors such as regular nucleosome positioning.
Non-histone proteins
Interactions of non-histone proteins can affect the folding of the chromatin fibre. Polycomb group proteins maintain repression of hox genes. In an in vitro study using electron microscopy, the polycomb group complex was shown to be able to induce compaction of a defined
The transcription factor HNF-3 has a structure that is similar to the globular domain of linker histone H5 Chromatin can be remodelled by the replacement of major histone with specific histone variants such as H2A.Z nucleosomal array. Each complex can compact about three nucleosomes, in a process which requires the globular domains of the core histones but not their tails. 108 Normally, higher-order formation of synthetic arrays requires histone tails, 23 suggesting that the polycomb complex is operating via an independent process. MENT is a heterochromatin protein found enriched in chicken granulocyte cells, 109 which is thought to condense chromatin structures. In the chicken â-globin locus it has a distribution profile opposite to that of acetylated core histones but correlated with that of histone H3 lysine 9 methylation; 110 however, its mechanism of action is unclear. The HMGN (HMG14/-17) family of proteins bind to nucleosomes and can function as architectural elements to alter the structure of the chromatin fibre and enhance transcription from chromatin templates. 111 In chromatin, HMGN proteins can compete with histone H1 for nucleosome binding sites, suggesting a competition between these proteins which promote a dynamic structure of the chromatin fibre.
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SUMMARY
Genome-wide studies of chromatin structure have given us a new insight into the interphase organisation of chromatin in cells. The formation of open chromatin does not appear to be directly dependent on gene transcription, but the presence of a large block of open chromatin might facilitate the transcription processes. Open chromatin appears to correspond to a chromatin fibre interrupted by discontinuities which can be generated by a number of different factors. It will be interesting to examine the organisation of specific gene loci at high resolution to fully understand the individual factors that generate these discontinuities, and to see how they change upon transcriptional activation. 
